Water in the Hydroclimate
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Figure courtesy of NASA: http://climate.nasa.gov/system/news_items/main_images/2307_waterbudget1_768_60.jpg
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Where is the Freshwater?
Where is Earth’s Water?

Surface/other Atmosphere Living things
Freshwater 2.5% freshw/ater 1.2% 3.0% 0.26%

Rivers
0.49%

Swamps,
marshes
2.6%

Soil
moisture
3.8%

Total global Freshwater Surface water and
water other freshwater

Source: Igor Shiklomanov's chapter "World fresh water resources” in Peter H. Gleick (editor),
1993, Water in Crisis: A Guide to the World's Fresh Water Resources.
NOTE: Numbers are rounded, so percent summations may not add to 100.

Figure courtesy of USGS website: http://water.usgs.gov/edu/earthwherewater.html @
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Another way to look at it...

Water in, on, and abhove the Earth

l.iqtlld fresh water Howard Periman, QSGS
Jack Cook, Adam Nieman

. Freshwater lakes and rivers Data: Igor Shiklomanov, 1993
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The “Natural” Water Cycle

T Water Cycle
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Atmosphere .. Condensation

Subllrpaﬁon
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Desublimation Evapotranspiration

. Dept. of the Interior
Geological Surve
ohn Evans, Howard Perlman, USGS Groundwater Storage

ttp:/iga.water.usgs.goviedu/watercycle.html
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How Does the Water Cycle Change as Climate
Changes”?

Hotter/Drier Conditions (Interior West) Hotter/Wetter Conditions (NE and Coasts)

Heat Trapped by the Atmosphere Causes More Evaporation A Warmer Atmosphere Holds More Water Vapor, Which is
and More Precipitation Also a Heal Trapping Gas

Figure Courtesy of U.S. EPA: http://www3.epa.gov/climatechange/images/impacts-adaptation/ . @ .
WaterCycleChanges.jpg The University of Georgia




Extreme Atmospheric Processes Involving The
Water Cycle

m Snowpack in the Sierra
Nevada Mountain Range.
Year 2010 vs Year 2015.

m Can you think of ways that
lack of snowpack affects
society in major U.S. West
cities?

Figure courtesy of NASA: http://www.giss.nasa.gov/research/features/
201511_snowpack/sierra_amo_400.jpg
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‘Extreme Atmospheric Processes Involving The
Water Cycle

s g National Weather
Service precipitation
estimates in 2015
South Carolina
-loods

How does such a
arge amount of
rainfall lead to urban
flooding?

o Are there factors
beyond rain? it
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Figures courtesy of NOAA
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More extreme precipitation observed and
expected globally

Observed change in precipitation over land
1901- 2010 1951- 2010

-100 -60 -25 -10 -5 -2.5 0 2.5 5 10 25 50 100
Trend (mm/year/decade)

Source: IPCC AR5, Summary for Policymakers, Andersen and



| An Example: 2011-2012 Texas drought had a
major impact on society.
Discuss 3 potential impacts......

U.S. Drought Monitor “a"2n.3.2012

2 <
. 3 -~ 7, =

Intensity

[] DO Abnormally Dry
[] D1 Drought - Moderate
[ D2 Drought - Severe
I D3 Drought - Extreme

Orought Impact Types.
r~ Defineates dominant impacts

S = Short-Term, typically <6 months D
(e.g. agriculture, grasslands)

L = Long-Term, typically >6 months

Il D4 Drought - Exceptional (o o hvdrology. ecology) L_JSD A @ @ ) @:

The Drought Monitor focuses on broad-scale conditions, e | el X -V g

Local conditions may vary. See accompanying text summary

for forecast statements. Released Thursday, January 5, 2012
http://droughtmonitor.unl.edu/ Author: Brad Rippey, U.S. Department of Agriculture @
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‘ It is not just the dry side....Flooding too

Observed Change in Very Heavy Precipitation

33%
Change (%)

<0 0-9 10-19 2029  30-39 40+

The top 1-2% heavy rain events are
increasing in every part of the continental
U.S.

Source: National Climate Assessment: http://nca2014.globalchange.gov/sites/
report/files/images/web-large/CS_very-heavy-precip_V8-1.png
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An Overview of Synoptic and Mesoscale Factors
Contributing to the Disastrous Atlanta Flood of 2009

ey MassHaw Sheprerp, THomas More, Jorw Down, Mixe Rooen,
Parza Knox, Steven C. McCuroieon, anp Steven E. Newson

ecent literature suggests that damage, loss of

life, and costs from flooding have risen In recent

decades (Ashley and Ashley 2008; Brissette et al.
2003). Ina 2009 Journal of Climate article, Seager et al.
noted that reglons of the southeastern United States
face Increasing vulnerability to hydroclimatic ex-
tremes because of population growth and Increasing
population density. [n 2008, a majority of the popula-
tion lived 1n urban areas, and by 2030 this number &
expected to reach 81%. The unsustainable, modified
water cycle will affect the ecosystem, Infrastructure,
and socletal activitles, thereby requiring revolution-
ary designs, management, and polictes. Burlan and
Shepherd (2005) and Reynolds et al. (2008) represent
a sample of recent Iiterature that has reconsidered
implications of precipitation on urban drainage and
hydrological processes.

In September 2009, the metropolitan area of
Atlanta and surrounding areas In northern Georgla
expertenced disastrous urban flooding that inundated
major transportation artertes, closed several major
school systems, submerged the popular Six Flags
theme park, and contributed to at least 10 deaths
as of October 2009 (Fig. 1). The United States Geo-
logical Survey (USGS) measured the largest flow ever
recorded on Sweetwater Creek near Austell, which
has a streamflow record dating back to August 1904.
Partsof Cobb and Douglas Countles were Inundated

AFFILIATIONS: Shapherd, Mote, Dowd, and Rodan— Usivarsity
of Georgha, Athens, Gaorgha; Knox—Office of the State Clima-
tologist, Athers, Georgla: McCutchaon— U.S. Esvironmental
Protaction Agancy, Athers, Georgla: Nelson—National Waather
Service, Paachtrea City, Georgla

CORRESPONDING AUTHOR: Dr. |. Marshall Shephard, Univer-
sity of Georgla, Oimatological Research Laboratory, Departmant
of Geography, Athens, Gaorgla 30602

E-mall: marshgeo @ g2 odu

DOI:10.1175/201 0BAMS3003.1

to levels exceeding the estimated 500-yr flood. The
Yellow River stream gauges in Gwinnett, DeKalb, and
Rockdale Counties measured flows that submerged
the 100-yr floodplains but fatled to reach the 200-yr
flood level, which has a 0.5% chance of occurring
In any given year (www.usgs.gov/newsroom/ar-
ticle.asp?ID=2316). The 100-yr flood level with a 1%
chance of occurrence In any given year Is one of the
standards that the Federal Emergency Management
Agency (FEMA) uses to set flood Insurance rates and
prevent flood plain development. The USGS recorded
100-yr flood levels on the Chattahoochee River
at Vinings In Atlanta (Fig. 2), where stage helghts

Fic. 1. (top) Flooding on U.S. Interstate 285 loop
around Atlanta and (bottom) Six Flags theme park.

From Shepherd et al. (2011), Picture
courtesy of M. Shepherd
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Resources on Water

m USGS Water Page,
http://water.usgs.gov/edu/mwater.html

o Earth’s Water
o Water Properties

a Hydroelectricity

0 Events and Hazards
0 Using Water

o Activity Center
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m We have seen changes at global
changes at the urban to regional

m The next powerpoint associated

will discuss.

wit]

scale. What about

scale?

h the module
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